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PROBLEM TO BE SOLVED: To reduce the number of pits and provide a 
flatly grown layer, by stacking a buffer layer made of a HI— V nitride 
semiconductor and a single crystal underlying layer made of an undoped III- 
V nitride semiconductor onto a substrate in this order. 

SOLUTION: After a non-single crystal AIGaN or AIN buffer layer 2 is formed 
on a substrate 1 in close contact thereto at a non-single crystal growth 
temp rature, the temperature is raised to a single crystal growth 
temp rature to form an undoped single crystal underlying layer 3 on the 
buffer layer 2 in close contact thereto. Therefore, the number of pits may 
be reduced, and the single crystal underlying layer 3 having excellent 
cry stall inity, surface property and flatness may be formed. As a result, the 
crystallinity, flatness and surface property of a grown layer made of a III— V 
nitride semiconductor formed on the underlying layer 3 are improved, and a 
good p-type layer may be obtained. Thus, the manufacturing yield of the 
semiconductor element may be significantly improved. In the case where the 
semiconductor element is a light-emitting device, a high optical output is 
nabled. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So th translation may not r fl ct th original pr cis ly. 

2. **** shows th word which can not b translat d. 
3.1n the drawings, any words are not translat d. 



CLAIMS - 

[Claim(s)] 

[Claim 1] The semiconductor device characterized by having the single crystal ground layer which consists of a buffer lay r 
which consists of a HI— V group nitride system semiconductor on a substrate, and a HI— V group nitride system 
s miconductor of undoping in the semiconductor device which consists of a HI— V group nitride system semiconductor in this 
s quence. 

[Claim 2] The semiconductor device according to claim 1 characterized by having the clad layer of the 1 st conductivity 
type which consists of a HI— V group nitride system semiconductor, the barrier layer which consists of a HI— V group nitride 
system semiconductor, and the clad layer of the 2nd conductivity type which consists of a K-V group nitride system 
s miconductor in this sequence on the aforementioned single crystal ground layer. 

[Claim 3] The aforementioned buffer layer is a semiconductor device according to claim 1 or 2 characterized by the bird 
clapper from a non-single crystal layer. 

[Claim 4] The aforementioned buffer layer is a semiconductor device the claims 1 and 2 characterized by the bird clapper 
from an AIN layer, or given in three. 

[Claim 5] The aforementioned buffer layer is a semiconductor device the claims 1 and 2 characterized by the bird clapper 
from an AIGaN layer, or given in three. 

[Claim 6] The aforementioned ground layer is a semiconductor device the claims 1 , 2, 3, and 4 characterized by being a 
GaN lay r, or given in five. 

[Claim 7] The aforementioned ground layer is a semiconductor device the claims 1, 2, 3, and 4 characterized by being an 
AIGaN layer, or given in five. 

[Claim 8] The manufacture method of the semiconductor device characterized by growing up the single crystal ground layer 
which consists of a buffer layer which consists of a ffl-V group nitride system semiconductor on a substrate, and a HI— V 
group nitride system semiconductor of undoping in the manufacture method of the semiconductor device which 
manufactures the semiconductor device which consists of a HI— V group nitride system semiconductor using a vapor growth 
in this s quence. 

[Claim 9] The manufacture method of a semiconductor device according to claim 8 that growth temperature of a buffer 
lay r which consists of the aforementioned HI— V group nitride system semiconductor is characterized by being non-single 
crystal growth temperature. 



[Translation done.] 
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DETAILED DES CRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The t chnical field to which invention belongs] this invention relates to a semiconductor device and its manufacture 

method. 

[0002] 

[D scription of the Prior Art] Light emitting devices which consist of III-V group nitride system semiconductors, such as 
GaN, AIGaN, InGaN, or InAIGaN, such as light emitting diode and semiconductor laser, attract attention from the direct 
transition from luminescence of a blue shell ultraviolet region with large luminescence intensity, especially blue 
lumin sconce being possible. 

[0003] Drawing_4 is the type section view showing the conventional III-V group nitride system semiconductor light emitting 
diode. 

[0004] For an InGaN barrier layer and 105, as for a p type GaN contact layer and 107, a p type AIGaN clad layer and 106 
are [ the n type GaN contact layer a GaN buffer layer and whose 103 101 are also n type clad layers as for a sapphire 
substrate and 102, and 104 / p lateral electrode and 108 ] n lateral electrodes among drawing 4 . 
[0005] Each class of **** light emitting diode is formed as follows. 

[0006] First, the GaN buffer layer 102 of a non-single crystal is formed by the MOCVD method (organic-metal vapor 
growth) at the growth temperature of 600 degrees C on the sapphire substrate 101. 

[0007] Next, in order to grow up the n type GaN contact layer 103, a temperature up is carried out to the temperature of 

1 150 degrees C. This single-crystal-izes the GaN buffer layer 102, and a seed single crystal is grown up into a layer 102. 

Then, the n type GaN contact layer 103 (growth temperature : 1150 degrees C). the InGaN barrier layer 104 (growth 

t mperature : 860 degrees C), the p type AIGaN clad layer 105 (growth temperature : 1150 degrees C). and the p type GaN 

contact layer 106 (growth temperature : 1150 degrees C) are grown up in this sequence by the MOCVD method on the GaN 

buff r layer 102 which has this seed single crystal. 

[0008] 

[Problem(s) to be Solved by the Invention] However, many pits (hole etc.) occur in the above-mentioned GaN buffer layer 
102, front-face nature (surface morphology) is bad. a pit occurs in the growth phase 103 formed on this buffer layer 102, 
i.e., n type contact layer, a barrier layer 104, p type clad layer 105. and p type contact layer 106, and flat nature falls 
r markably. Consequently, the leakage current occurred and also especially the layer formed on the GaN buffer layer 102 
was difficult for n-carrier concentration to become three or more [ 1x1 01 8cm - ], and to form p mold in the state of 
undoping. Therefore, property degradation of hardly emitting light arose and there was a problem that the manufacture yield 
was v ry bad. 

[0009] Such a problem is similarly produced, even if it replaces with a GaN layer and uses the AIN layer of a non-single 
crystal, and an AIGaN layer as a buffer layer 2. 

[0010] It is the purpose to offer the semiconductor device from which this invention is accomplished in view of an above- 
mentioned trouble, the number of pits is reduced and a flat growth phase is obtained, and its manufacture method. 
[0011] 

[M ans for Solving the Problem] The semiconductor device of this invention is characterized by having the single crystal 
ground layer which consists of a buffer layer which consists of a III-V group nitride system semiconductor on a substrate, 
and a III-V group nitride system semiconductor of undoping in this sequence in the semiconductor device which consists of 
a III-V group nitride system semiconductor. The semiconductor device of this invention means photo detectors, such as 
light emitting devices, such as a wafer, light emitting diode, and semiconductor laser, and a photodiode, etc. 
[0012] Furthermore, it is characterized by having the clad layer of the 1st conductivity type which consists of a III-V group 
nitride system semiconductor, the barrier layer which consists of a III-V group nitride system semiconductor, and the clad 
lay r of the 2nd conductivity type which consists of a III-V group nitride system semiconductor in this sequence on the 
aforementioned single crystal ground layer. In this case, it is used as light emitting devices, such as light emitting diode and 
semiconductor laser. 

[0013] Especially the aforementioned buffer layer is characterized by the bird clapper from a non-single crystal layer. 
[0014] Furthermore, the aforementioned buffer layer is characterized by the bird clapper from an AIN layer. 
[0015] Furthermore, the aforemention d buffer layer is charact riz d by the bird clapper from an AIGaN layer. 
[0016] Furthermore, it is characterized by the aforementioned ground layer being a GaN layer. 
[001 7] Furthermore, it is characterized by the aforementioned ground layer being an AIGaN layer. 

[001 8] Moreover, the manufacture method of the semiconductor d vice of this invention is characterized by growing up the 
single crystal ground layer which consists of a buffer layer which consists of a III-V group nitride system semiconductor on 
a substrate, and a III-V group nitride system semiconductor of undoping in this sequence in the manufacture method of the 
semiconductor device which manufactures the semiconductor d vice which consists of a III-V group nitride system 
semiconductor using a vapor growth. 

[0019] Growth temp rature of a buffer layer which consists of the aforementioned III-V group nitride syst m semiconductor 
specially is characterized by being non-single crystal growth temp rature. 
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[0020] Furth rmore, the aforementioned buffer layer may have an AIGaN layer to a desirable bird clapper, and an AIN layer 
is sufficient. 

[0021] Furthermore, as for the aforemention d ground layer, it is desirable that it is a GaN layer, and it is desirable also in 
an AIGaN layer. 

[0022] Furth rmore. on the aforem ntioned singl crystal ground lay r. th clad layer of the 1st conductivity type which 
consists of a ID-V group nitrid system semiconductor, th barrier layer which consists of a E-V group nitride system 
s miconductor, and the clad lay r of the 2nd conductivity type which consists of a ID-V group nitrid system 
semiconductor may be form d by the vapor growth in this s quence. and light mitting devices, such as light emitting diode 
and semiconductor laser, may be formed. 

[0023] The above 1 st and the clad layer of the 2nd conductivity type have an AIGaN layer or a good GaN layer. 

[0024] When the above-mentioned buffer layer consists of AlxGa1-xN (0< x<=1). as for 0.6 or less [ 0.5 or more ]. one or 

less [ 0.4 or more ] is [ aluminum composition ratio x ] at best still more desirable. 

[0025] Moreover, the thickness of the above-mentioned AlxGa1-xN (0< x<=1) buffer layer has the very desirable 80A or 
mor range of 180A or less, and 90A or more 140A or less has 90A or more still more desirable still more desirable 160A or 
I ss. 

[0026] As a buffer layer, the AlxGa1~xN (x is abbreviation 0.5) layer of 110-120A of abbreviation is especially more 
preferably good 100A or more 130A or less thickness. 

[0027] In order to suppress that a composition element is especially desorbed from the aforementioned barrier layer, it is 

d sirable to form the cap layer which is close all over [ aforementioned ] a barrier-layer top. and consists of a III— V group 

nitride system semiconductor. As for this cap layer, forming by the vapor growth is desirable. 

[0028] Especially the aforementioned barrier layer may contain In and may consist of an InGaN layer further. 

[0029] As for especially the aforementioned cap layer, it is desirable that a band gap is larger than the aforementioned 

barrier layer. As for the band gap of this cap layer, it is more desirable that it is the middle size of the band gap of a barrier 

layer and the clad layer of the 2nd conductivity type. 

[0030] Furthermore, as for the aforementioned cap layer, it is desirable that it is an undoping layer. 

[0031] Moreover, as for the aforementioned cap layer, it is desirable to have the thickness more than the thickness which 
does not **** the quantum effect. 

[0032] Especially the aforementioned, cap layer is characterized by being a GaN layer. 

[0033] Moreover, in the manufacture method of the light emitting device which manufactures the III-V group nitride system 
semiconductor light emitting device which has the barrier layer which consists of InGaN using a vapor growth, you may form 
the cap layer which consists of GaN at 700-degree-C or more growth temperature of 950 degrees C or less by the vapor 
growth on the aforementioned barrier layer. 

[0034] furthermore, the crystal-growth temperature of the aforementioned cap layer is below the temperature that a 
barrier layer can single crystal grow — good — desirable — the growth temperature of a barrier layer, and abbreviation — 
it is the same temperature 

[0035] Since the time when a composition element may be desorbed from a barrier layer by following formation of the 
afor mentioned barrier layer and forming is almost lost, the aforementioned cap layer is desirable. 
[0036] As the above-mentioned vapor growth, the MOCVD method is desirable. 
[0037] 

[Embodiments of the Invention] The ID-V group nitride system semiconductor light emitting diode which is one gestalt of 
operation of this invention is explained in detail using drawing 1 . 

[0038] The AlxGa1-xN (0< x<=1) non-single crystal buffer layer of undoping of t A of thickness by which one was formed in 
the sapphire insulating substrate among drawing 1 . and 2 was formed on the substrate 1, The GaN single crystal ground 
layer of undoping of 0.2 micrometers of thickness by which 3 was formed on the buffer layer 2. The n type GaN contact 
layer of Si dope which makes n type clad layer of 1.4 micrometers of thickness by which 4 was formed on the ground layer 
3 serve a double purpose, The InqGa1-qN (q= 0.05) barrier layer by which Zn and Si of 0.2 micrometers of thickness by 
which 5 was formed on n type contact layer 4 were doped. The GaN cap layer of undoping of 200A of thickness which 
prevents crystal degradation of the InGaN barrier layer 5 by which 6 was formed on the barrier layer 5, The p type AlzGal- 
zN (z= 0.2) clad layer by which Mg of 0.15 micrometers of thickness with which 7 was formed on the cap layer 6 was doped, 
and 8 are the p type GaN contact layers by which Mg of 0.3 micrometers of thickness formed on p type clad layer 7 was 
doped. 

[0039] p lateral electrode which consists of Au by which 9 was formed in the part on p type contact layer 8, and 10 are n 
lateral electrodes which consist of aluminum formed on n lateral-electrode formation field which it was removed very much 
in th predetermined position in the layer of p type contact layer 8 to n type contact layer 4, and n type contact layer 4 
xposed. 

[0040] The manufacture method of **** light emitting diode is explained. With this operation gestalt, each class is form d 
of an organic metaiization study vapor growth (the MOCVD method). 

[0041] First, after installing a substrate 1 in organic metaiization study vapor-growth equipment, it changes into the state 
where it held in the non-single crystal growth temperature of 600 degrees C. for example, growth temperature, (substrate 
temp rature), and AIGaN or the AIN buffer layer 2 of a non-single crystal is grown up on a substrate 1 as carrier gas, using 
ammonia, trim thylgallium (TMG), or a trimethylaluminum (TMA) as H2. N2, and material gas. 

[0042] Then, on a buff r lay r 2, it changes into single crystal growth t mperature and the state where it held preferably in 
growth temperature of 1000-1200 degrees C, for example, 1 150 degr es C, and the GaN ground layer 3 of undoping of a 
single crystal is grown up as carrier gas, using ammonia and trimethylgallium (TMG) as H2. N2. and material gas. 
[0043] Then, on th ground layer 3, it is in singl crystal growth temperature and the state preferably h Id in growth 
temperature of 1000-1200 degre s C, for example, 1 150 degrees C, and the n type GaN contact layer 4 of Si dope of a 
singl crystal is grown up as H2. N2, and material gas as carrier gas, using SiH4 as ammonia, trim thylgallium (TMG), and 
dopant gas. 

[0044] Next, on n type contact layer 4, it changes into single crystal growth temperature and the state where it held 
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pr f rably in growth temperature of 700-950 degrees C, for example, 860 degr s C, and Si of a single crystal and the 
InGaN barri r layer 5 of Zn dope ar grown up as H2, N2, and material gas as carrier gas, using SiH4 and diethylzinc (DEZ) 
as ammonia, triethylgallium (TEG), trimethylindium (TMI), and dopant gas. 

[0045] Then, on the InGaN barrier layer 5, it is in th stat h Id to single crystal growth temperature and the same 
desirable growth temp ratur as th 700-950 d grees C, for xample, 860 d grees C, barrier lay r 5, and the GaN cap lay r 
6 of undoping of a single crystal is grown up as carri r gas succe ding growth of a barrier layer 5, using ammonia and 
trim thylgallium (TMG) as H2, N2, and mat rial gas. 

[0046] Th n, it chang s into single crystal growth t mperature and th state where it held preferably in growth temperature 
of 1000-1200 degre s C, for example, 1150 degrees C, and uses Cp2Mg (magnesium cyclopentadienyl) as ammonia, 
trim thylgallium (TMG), a trimethylaiuminum (TMA), and dopant gas as H2, N2, and material gas as carrier gas on the GaN 
cap layer 6, and the p type AIGaN clad layer 7 of Mg dope of a single crystal is grown up. 

[0047] Next, it changes into single crystal growth temperature and the state where it held preferably in growth temperature 
of 1000-1200 degrees C, for example, 1150 degrees C, and uses Cp2Mg (magnesium cyclopentadienyl) as ammonia, 
trimethylgallium (TMG), and dopant gas as H2, N2, and material gas as carrier gas on p type clad layer 7, and the p type 
GaN contact layer 8 of Mg dope of a single crystal is grown up. 

[0048] A substrate 1 is taken out from the above-mentioned equipment after the above-mentioned crystal growth, etching 
removal even of the layer middle of p type contact layer 8 to n type contact layer 4 is carried out by the reactant ion- 
beam-etching method (the RIE method), and n lateral-electrode formation field which n type contact layer 4 exposed is 
produced. 

[0049] And while activating the dopant of p type contact layer 8 and p type clad layer 7 and making it high carrier 
concentration, in order to recover crystal degradation by etching of n type contact layer 4, heat treatment is performed for 
30 - 60 minutes at 700-800 degrees C among nitrogen atmosphere. 

[0050] Then, while forming the p lateral electrode 9 which consists of Au by the vacuum deposition etc. on p type contact 
layer 8, after forming the n lateral electrode 10 which consists of aluminum by the vacuum deposition etc. on the above- 
mention d n lateral-electrode formation field of n type contact layer 4, it heat-treats at 500 degrees C, ohmic contact of 
the n lateral electrodes 9 and 10 is carried out the p side, respectively, and the light emitting diode shown in drawing 1 is 
formed. 

[0051] Drawing 2 is the above-mentioned light emitting diode production conditions and these conditions, on the sapphire 
substrate 1 The AlxGa1-xN (0< x<1) non-single crystal layer of undoping of Thickness t as a buffer layer 2, The value of full 
width at half maximum (half-value width) of the X-ray rocking curve which carried out X-ray irradiation of the GaN single 
crystal ground layer 3 of undoping, and asked for it up to the ground layer 3 of the wafer formed in this sequence is shown, 
and drawing 3 The value of full width at half maximum of the X-ray rocking curve for which it asked by carrying out X-ray 
irradiation of the AIN non-single crystal layer of undoping of Thickness t and the GaN single crystal ground layer 3 of 
undoping as a buffer layer 2 on the sapphire substrate 1 on these above-mentioned conditions to up to the ground layer 3 
of the wafer accomplished in this sequence is shown. 

[0052] When this drawing 2 and drawing_3 to the buffer layer 2 consists of AlxGal-xN (0< x<=1), as for 0.6 or less [ 0.5 or 
more ], one or less [ 0.4 or more ] is [ aluminum composition ratio x ] at best still more desirable. 

[0053] Moreover, since the above-mentioned AlxGal-xN (0< x<=1) buffer layer 2 has a dot very much in [ 80A or more ] 
180A or less, this range is very desirable and 90A or more 140A or less has 90A or more still more desirable still more 
desirable 160A or less. 

[0054] As a buffer layer 2, the AlxGa1-xN (x is abbreviation 0.5) layer of 110-120A of abbreviation is especially more 
preferably good 1 00A or more 1 30A or less thickness. 

[0055] full width at half maximum was good so that **** might show, moreover the pit was reduced and the GaN ground 
lay r 3 in which it was formed on the above-mentioned AlxGa1-xN (0< x<=1) buffer layer 2 had flat nature and very good 
surface morphology. 

[0056] For example, there is no pit in each growth phase which grew on the ground layer 3, and it excels in flat nature and 
front-face nature very much, and there is no generating with a poor property by the leakage current resulting from the pit, 
moreover good p type layer is obtained, and the light emitting diode using the aluminum0.5Ga0.5N layer of undoping of 11 OA 
of thickness as a buffer layer 2 has a very good manufacture yield. 

[0057] Furthermore, in the light emitting diode of this operation form, high power luminescence was realizable. The 
crystallinity of a barrier layer 5 is for ******** well by the ground layer 3 with the good reason. 

[0058] By in addition, composition which has the GaN cap layer 6 of undoping formed in the InGaN barrier layer 5 by being 
close with this operation form It is because it is suppressed that In etc. is desorbed from a barrier layer 5, the number of 
the crystal defects of a barrier layer 5 decreases and crystalline degradation is suppressed during formation of a barrier 
layer 5, or after formation, further The above-mentioned barrier layer 5 is because it is thought of because it was 
suppressed that an impurity [ **** / un-] is spread to this barrier layer 5 since there are few crystal defects. 
[0059] Furthermore, since it is the so-called undoping layer formed without using a dopant intentionally, and diffusion of the 
impurity [ **** / un-] to a barrier layer 5 is fully suppressed and a barrier layer 5 changes into a good state further, the 
cap layer 6 of this operation form can be attaining a high increase in power more. That is, since the impurity diffusion 
[ **** / un-] to a barrier layer 5 is notably suppressed by the diffusion depressor effect of the impurity to the barrier layer 
5 by what in the case of this operation form desorption of the composition element from a barrier lay r 5 was suppressed, 
and the number of crystal defects of a barrier layer 5 reduced, and both the effects of the diffusion depr ssor effect of the 
impurity to the barrier layer 5 by the cap layer 6 being an undoping layer, a high increase in power is more realizable with 
eff cts. 

[0060] Thus, the variation in luminescence wavel ngth is small, a possibility of becoming misfire light does not almost have 
it, either, mor over, the light emitting diode of this operation form has notably large luminescence int nsity, and its 
manufacture yield is also very good. 

[0061] Although full width at half maximum of the X-ray rocking curve for which it asked by on the other hand carrying out 
X-ray irradiation of the non-single crystal GaN buffer layer of undoping of 200A of thickness (optimum value) and the GaN 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_ejje 



03/03/03 



\ 

4/5 v 

ground layer of th single crystal of undoping of 1.2 micrometers of thickn ss on the sapphir substrat 1 to up to the GaN 
ground lay r of the wafer which gr w by th MOCVD m thod was able to acquir about 410 sec(s) and th v ry small value, 
many pits occurred and the I ment manufacture yi Id using this wafer was remarkably bad. 

[0062] Moreover, when the GaN non-single crystal buffer layer of undoping, the AIGaN non-single crystal buffer layer of 
undoping, or the AIN non-single crystal buffer layer of undoping was used without using a ground layer, th elem nt 
manufactur yi Id was remarkably bad. 

[0063] By the manufacture method of above-m ntion d light emitting diode, aft r it is [ th buffer lay r 2 of a non-single 
crystal ] close and forming it at non-single crystal growth temperature on a substrate 1, since adhesion formation of the 
GaN singl crystal ground layer 3 of undoping on a buffer lay r 2 is carried out where temperature up maintenance is 
carri d out at single crystal growth temperature, the number of pits can be r duced. and the single crystal ground layer 3 in 
which crystallinity, front-face nature, and flat nature were very excellent can be formed. Consequently, since the 
crystallinity. flat nature, and front-face nature of each class formed on this ground layer 3 become very good, p type layer 
good [ both ] whose yield improves is also obtained. 

[0064] Since especially manufacture of**** light emitting diode can prevent desorption of the composition element from 
the InGaN barrier layer 5 after forming the cap layer 6 while being able to suppress desorption of the composition element 
of the InGaN barrier layer 5 in case this cap layer 6 is formed since the GaN cap layer 6 of undoping is grown up to be right 
above [ whole InGaN barrier-layer 5 surface ] below at the temperature in which the crystal growth of the InGaN barrier 
lay r 5 is possible, it is the desirable manufacture method. 

[0065] especially — this operation form — the growth temperature of a barrier layer 5 and the cap layer 6 — abbreviation 

— sine it grows up continuously as the same, desorption of the composition element from a barrier layer 5 can fully be 
suppressed 

[0066] In addition, in ****, although it was larger than the case where there is no cap layer 6 when thickness of the cap 
lay r 6 was made into 100A to the luminescence intensity when making thickness of the cap layer 6 into 200A being 340 
(arbitrary unit), luminescence intensity became 36 (arbitrary unit) and abbreviation 1/10. Moreover, they were 0.8 times 
when 1.4 times when making thickness into 200A when thickness of the cap layer 6 is made into 300A, and thickness were 
made into 400A. this shows that the thickness of the cap layer 6 has a desirable effect by 200-400A, and the thickness of 
the cap layer 6 does not have the quantum effect ****** — it can be said that more than thickness is desirable 
[0067] In addition, as a single crystal ground layer 3 of undoping, although an AIGaN layer besides a GaN layer is sufficient, 
an AIN layer is not desirable. 

[0068] N xt, ffi-V group nitride system semiconductor luminescence die OO concerning the 2nd operation form of this 
inv ntion is explained. 

[0069] As a cap layer 6, the point that this operation form differs from the 1st form is replaced with the GaN layer of 
undoping, and is a point using the AluGa1-uN layer (1 u abbreviation 0. 0.2) of undoping of 200A of thickness, this AluGal- 
uN lay r is also formed by the MOCVD method — having — growth temperature — single crystal growth temperature — it 
is 700-950 degrees C, for example, 860 degrees C, preferably, and H2, N2, and material gas of carrier gas are ammonia, 
trimethylgallium (TMG). and a trimethylaluminum (TMA) 

[0070] Compared with the case where there is no cap layer 6 also in this case, luminescence intensity became large notably 
and its manufacture yield also improved. 

[0071] However, compared with the time of presupposing that luminescence intensity in case the GaN cap layer 6 of 
undoping is 200A is 450 (arbitrary unit) with the 1st operation form, the luminescence intensity in the case of being the 
AluGa1-uN cap layer 6 of undoping whose u is about 0.1 was 190 below a half (arbitrary unit). 

[0072] Furthermore, the luminescence intensity in the case of being the AluGa1-uN cap layer 6 of undoping whose u is 
about 0.2 was 1/3 in case u is 0.1. 

[0073] It is good to make it smaller [ as for the size of the band gap of the cap layer 6, it is desirable that it is between the 
band gaps of a barrier layer 5 and p type clad layer 7, and / moreover the cap layer 6 has most desirable GaN, and ] than 
the band gap of p type clad layer 7, when using an AluGa1-uN layer from an above-mentioned thing. 

[0074] Moreover, although the barrier layer 5 is formed in right above [ n type contact layer 4 ], you may make an n type 
AIGaN clad layer intervene in **** between the above-mentioned n type contact layer 4 and a barrier layer 5. 
[0075] Although the barrier layer of the non-quantum well structure which is not quantum well structure as a barrier layer 5 
was used with each above-mentioned operation form Of course, you may use single quantum well structure and multiplex 
quantum well structure, for example, the single quantum well structure and the InsGa1-sN (1> s> 0) quantum well layer 
which consist of an InsGa1-sN (1> s> 0) quantum well layer, and an InrGal-rN (1>s>r>=0) quantum barrier layer — a shell - 

- it is good also as multiplex quantum well structure 

[0076] Although each above-mentioned operation form described the light emitting device equipped with the semiconductor 
lay r on the insulating substrate, it may have a semiconductor layer on conductive substrates, such as a SiC substrate, and 
you may make it the light emitting device which has an electrode on the under surf ace of the best layer and substrate of 
this s miconductor layer. 

[0077] Moreover, although the barrier layer and p type clad layer were formed in this sequence on n type clad layer by 
****, you may make it form a barrier layer and n type clad layer in this sequence on p type clad layer, namely, **** is good 
also as a reverse conductivity type. 

[0078] Mor ov r, with ach above-m ntion d operation form, although the light mitting diod of double hetero structure 
was d scribed, this inv ntion is applicable also to the light emitting diode which consists of simple pn junction, and also 
applicable to semiconductor devic s, such as photo detectors, such as light mitting devices, such as semiconductor laser 
oth r than light emitting diode, and a photodiode. 

[0079] In addition, by ****. as a ground layer 3. although 0.2-micrometer thickness was used, it can change suitably in 

hundr ds ofA - thousands of A. 

[0080] 

[Eff ct of the Invention] Since the semiconductor device of this invention is quipped with the single crystal ground layer 
which consists of a buffer layer which consists of a ID— V group nitride system semiconductor on a substrate, and a III— V 
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group nitride system s miconductor of undoping in the semiconductor d vice which consists of a III— V group nitride system 
semiconductor in this sequence, the number of pits reduc s this single crystal ground layer, and crystallinity, flat nature, 
and front-face natur become good. Consequently, while the crystallinity, flat nature, and front-face nature of the growth 
phase which consists of a HI— V group nitride syst m semiconductor formed on this single crystal become good, good p type 
layer is also obtain d. 

[0081] Therefore, the manufacture yield of a semiconductor device can be improved sharply. And when a semiconductor 
device is a light emitting device, a high optical output is possible. 

[0082] When it has the clad layer of the 1st conductivity type which consists of a I1I-V group nitride system semiconductor, 
th barrier layer which consists of a III— V group nitride syst m s miconductor, and the clad layer of th 2nd conductivity 
type which consists of a m— V group nitride syst m s miconductor in this sequ nee, whil being able to lose generating of 
th leakage current resulting from the pit and being able to improve the manufacture yield sharply on the aforementioned 
single crystal ground layer especially, light emitting devices, such as light emitting diode with large luminescence intensity 
and semiconductor laser, can be offered. 

[0083] Since especially the aforementioned buffer layer fully functions as a buffer layer when consisting of a non-single 
crystal layer, it can improve the manufacture yield notably. 

[0084] Furthermore, the aforementioned buffer layer can improve the manufacture yield more, when consisting of an AIN 
lay r. 

[0085] Especially the aforementioned buffer layer can improve the manufacture yield more preferably, when consisting of an 
AIGaN layer. 

[0086] Furthermore, the aforementioned ground layer can improve the manufacture yield preferably, when it is a GaN layer. 
[0087] Moreover, the aforementioned ground layer can improve the manufacture yield preferably, when it is an AIGaN layer. 
[0088] Moreover, in the manufacture method of the semiconductor device which manufactures the semiconductor device 
which consists of a m— V group nitride system semiconductor using a vapor growth, since the manufacture method of the 
semiconductor device of this invention grows the single crystal ground layer which consists of a buffer layer which consists 
of a III-V group nitride system semiconductor on a substrate, and a HI— V group nitride system semiconductor of undoping in 
this sequence, it can make good the crystallinity of a single crystal ground layer, and front-face nature. Consequently, since 
the crystallinity, flat nature, and front-face nature of the growth phase which consists of a III-V group nitride system 
semiconductor formed on this single crystal ground layer become good, the manufacture yield of a semiconductor device 
can be improved. 

[0089] When the growth temperature of a buffer layer which consists of the aforementioned III-V group nitride system 
semiconductor especially is non-single crystal growth temperature, the manufacture yield of a semiconductor device can be 
improv d preferably. 
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DESCRIPTION OF DRA WINGS _____________________^^ 

[Brief Description of the Drawings] 

[Drawing 1] It is the type section view of the light emitting diode of the 1st operation gestalt of this invention. 
[Drawing 2] In the wafer which carried out covering formation of the AIGaN buffer layer of undoping on a substrate, and the 
GaN ground layer of undoping at this order, it is drawing showing the relation between the thickness of a buffer layer, and 
full width at half maximum of an X-ray rocking curve. 

[Drawing 3] In the wafer which carried out covering formation of the AIN buffer layer of undoping on a substrate, and the 
GaN ground layer of undoping at this order, it is drawing showing the relation between the thickness of a buffer layer, and 
full width at half maximum of an X-ray rocking curve. 

[Drawing 4] It is the type section view of the conventional light emitting diode. 
[Description of Notations] 

1 Substrate 

2 AIGaN Buffer Layer of Undoping 

3 GaN Single Crystal Ground Layer of Undoping 

4 N Type GaN Contact Layer (N Type Clad Layer) 

5 InGaN Barrier Layer 

6 GaN Cap Layer of Undoping 

7 P Type AIGaN Clad Layer 
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